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Abstract 
Based on monthly mean temperature and precipitation data for 53 years, from 1957 to 2009, recorded at the 
Zhangweinan River Basin and five main meteorological stations around it, the non-parametric Mann-Kendall trend 
test method and cumulative anomaly methods were adopted to analyze the long-term trends here of such key 
meteorological elements as annual mean temperature, maximum temperature, minimum temperature and precipitation; 
the corresponding Hurst index was calculated; and future change trends for various meteorological elements were 
predicted. The results of the analyses indicate that: there is an inconspicuous downward trend in annual precipitation 
for the Zhangweinan River Basin, with large decreases appearing  in summer, with an M-K slope of -11.82mm/10a; 
the annual mean temperature rises more significantly, and the M-K slope of the whole Basin’s annual mean 
temperature reaches 0.17℃/10a, the temperature increase being significant in spring and winter. According to the 
Hurst Index calculations, the annual mean temperature and precipitation series show strong continuity in the 
Zhangweinan River Basin, which indicates that the future trend will be consistent with that of the past. These 
research results will not only help provide evidence for the climate change in the Zhangweinan River Basin but can 
also lay the foundation for further studies on water resources security evaluation in conditions of climate change. 
 
 
© 2011 Published by Elsevier Ltd.  
 
Keywords: climate change; temperature; precipitation; Mann-Kendall; trends; Hurst 
 
 
 
* Corresponding author. Tel.: +86-10-58802756; Fax: +86-10-58802756.. 
E-mail address: chunhuili@bnu.edu.cn. 
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of 
Environment, Beijing Normal University. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1967X.L. Yang et al. / Procedia Environmental Sciences 13 (2012) 1966 – 1974 X.L. Yang et al./ Procedia Environmental Sciences 8 (2011) 1992–2000 1993 
 
Introduction 
Global rising temperatures since the last century have caused concern among societies and governments 
all over the world about climate warming and environmental changes[1-2]. The trends in temperature and 
precipitation as two of the most important indicators of climate change have become hot topics [3-5]. 
According to the fourth IPCC assessment report, the mean global temperature has risen 0.7℃ in the past 
100 years, and this trend has been much more significant in the last 50 years, leading researchers to 
believe that the warming tendency will be sustained into the future. At the same time, precipitation 
distribution has also seen great change [2]. The data show that in recent decades the surface temperature in 
China has shown a significant warming trend, while precipitation has continued to decrease in the Haihe 
River and Yellow River basins. Meanwhile, conditions in the middle and lower reaches of the Yangtze 
River and the southeast coastal areas have triggered a more uneven spatial distribution of water 
resources[6].  
In this paper, long-term changes and trends in temperature and precipitation in the last 50 years in the 
Zhangweinan River Basin were analyzed and future climate change trends for the Zhangweinan River Basin 
predicted. The research results will not only provide evidence for climate change in the Zhangweinan 
River Basin but can also lay the foundation for further studies on water resources security evaluation in 
conditions of climate change. 
1. Basin overview 
The Zhangweinan River Basin, located between 112°~118°E and 35°~39°N, is one of the five major 
river systems of the Haihe River Basin, which consists of the Zhang River, theWei River, the Wei Canal, 
the South Canal, and the Zhangweixin River, it flows through Shanxi, Henan, Hebei, Shandong, and 
Tianjin, then into the Bohai Sea through the Haihe and the Weihe river. The Zhangweinan River Basin  is 
932 km long and has a basin area of 37,700km2, which is 11.9% of the Haihe River Basin. The terrain in 
this Basin is high in the southwest and low in the northeast, its upstream located in the Taihang Mountain 
area, mostly at an altitude of more than 1,000 m. In this Basin, the mountainous area accounts for 67%, 
while a plain area accounts for 32.5%. The Zhangweinan River Basin is located in a region that has seen a 
temperate semi-arid and semi-humid monsoon climate for many years. The mean temperature is 14℃ and 
the mean precipitation is 608.4 mm, precipitation in the Basin being mostly concentrated in the summer 
flood season, which accounts for more than 50% of the total precipitation. In fall and spring there is less 
rainfall, and in the winter the least. 
2. Materials and methods  
2.1. Materials source 
Considering the data from meteorological stations in the Zhangweinan River Basin and the integrity and 
reliability of the source materials, combined with observation of the actual situation in the Basin, for this 
paper the authors selected meteorological data from five meteorological stations in and around the 
Zhangweinan River Basin over 53 years, from 1957 to 2009. The data includes monthly and yearly mean 
temperatures, precipitation, mean minimum temperature, and maximum temperature (All data used is 
from the National Meteorological Center.)  
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2.2. Methods  
2.2.1. Mann-Kendall non-parametric statistical test method 
The rank-based Mann-Kendall non-parametric statistical test method was used to analyze the 
temperature and precipitation trends over the long term in the study area. The M-K method is usually used 
to test the significance of trends, and it has been widely applied to hydro-meteorological trend testing and 
analysis [7-9]. The M-K statistical test method is as follow:  
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Where θ is the confidence level of the test, which indicates the strength of the trend. 
Another useful indicator is the Kendall slope β, which is used to quantify the unchanging trend, indicating 
the direction and the size of trend. When β> 0， it indicates an upward trend, while β<0 indicates a 
downward trend. The formulization of β is as follows:  
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2.2.2. Hurst Index 
Rescaled Range Analysis(R/S) is defined by the empirical relationship as follows: 
R(  τ )τ/S( τ ) =  (α τ  )H                                                                                                                      （5） 
Where R means Range, it is the difference between the maximum and minimum of the 
cumulative deviation of time series, S is the standard deviation of time series, α is a constant, τ is the time 
interval, and H is the Hurst index.  
When H = 0.5, it means that this time series is an independent random process, which indicates that the 
current trend will not affect the future trend. When H>0.5, it means that the time series is of a continuing 
nature, indicating that the future trend will be consistent with the past; the greater the H value, the 
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stronger the persistence. When 0≤H≤0.5, it means that the time series is of an anti-continuous nature, 
indicating that the future trend will be contrary to that of the past; the smaller the H value, the stronger the 
anti-continuity. 
3. Results and Discussion 
3.1. Temperature trend 
3.1.1. Mean temperature trend 
Global warming and northern hemisphere temperature increases started being observed mainly in the 
late 1970s. In winter and spring, high-latitude continental regions seemed to be warming in line with a 
significant upward trend in annual mean temperature, especially in the past 20 years, the 
warming amplitude reaching as high as 0.2℃/10a[10]. The Zhangweinan River Basin has also experienced 
a moderate warming process in this warming context.  
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Fig.1 The annual mean temperature departure curve for the Zhangweinan River Basin 
It can be seen from Fig. 1 that the temperature of the Zhangweinan River Basin has been in a warming 
period since 1995, and the warming rate is continuously increasing. The mean temperature from 1997 to 
2009 is about 0.3℃ higher than the  mean temperature, which is in keeping with the global warming trend. 
Table 1 . M-K test results for temperature and precipitation in an annual value series 
 T（℃） P（mm） 
Z β Trend Z β Trend 
Yushe 
Zhaoyang 
Huimin 
Xinxiang 
Anyang 
 
1.46 
2.25 
4.70 
4.00 
3.14 
0.056 
0.10 
0.29 
0.22 
0.15 
— 
↑ 
↑ 
↑ 
↑ 
-1.96 
-1.33 
-0.74 
-0.72 
-0.90 
-1.81 
-1.56 
-0.79 
-0.80 
-1.34 
— 
— 
— 
— 
— 
∑（β）  0.16 4/4  -1.26 0/0 
T: mean temperature; P: precipitation; ↑: upward trend; —: no trend change; Σ: total value.  
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The mean temperature data from the five meteorological stations in the Basin area are about up to the 
0.05 significance test level, and the Kendall slope β value are all positive. The annual mean 
temperatures have increased significantly at Xinxiang, Anyang, Chaoyang ,and Huimin, where the β 
values are 0.22℃/10a, 0.15℃/10a, 0.10℃/10a and 0.20℃/10a, respectively. This result indicates 
that the annual mean temperatures of the Zhangweinan River Basin are mostly trending higher, which 
is consistent with global temperature trends. 
Table 2. M-K test results of annual and seasonal meteorological factors for the Zhangweinan River Basin 
 T（℃） P（mm） 
Z β Trend Z β Trend 
Spring 
Summer 
Autumn 
Winter 
2.97 
-0.02 
1.41 
2.45 
0.29 
0 
0.15 
0.26 
 
↑ 
— 
— 
↑ 
-1.22 
-2.19 
-1.06 
-0.72 
-2.04 
-11.82 
-2.36 
-0.11 
— 
↓ 
— 
— 
Annual 3.58 0.17 ↑ -1.27 -1.27 — 
T: mean temperature; P: precipitation; ↑: upward trend; ↓; downward trend; —: no trend; 
From the M-K calculated results shown in Table 2 we can see that in spring the warming rate is most 
significant, followed by the winter rate, and the M-K slopes β are 0.29℃/10a and 0.26℃/10a, respectively. 
There is almost no temperature change in summer, while there is an obvious warming tendency in autumn, 
with an M-K slope of 0.15℃/10a. The M-K slope of the Basin-wide annual mean temperature is 
0.17℃/10a, which shows a strong warming trend. According to the third IPCC assessment report, in 
winter and spring the high-latitude continental regions of the Northern Hemisphere are seeing a 
clear warming trend since the 1970s [11]. The conclusion can be drawn, then, that the seasonal trend of 
temperatures in the Zhangweinan River Basin are not only consistent with global temperature seasonal 
trends but are also consistent with the trend in temperature change in the last 50 years in China. 
3.1.2. Minimum and maximum temperature trend  
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Fig.2 The maximum temperature departure curve for the  Zhangweinan River Basin 
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Fig.3 The minimum temperature departure curve for the Zhangweinan River Basin 
The maximum and minimum temperature anomaly curves for the Zhangweinan River Basin are shown 
in Figs. 2 and 3. As can be seen from Fig. 2, there is an obvious change tendency for the annual mean 
minimum temperature in the Basin. From the early 1960s, the temperature has been in  a 
significant downward trend, with a decrease of about 0.5℃ as compared with the annual mean 
temperature. The 1960s was the coldest period in the last 53 years, after which the temperature began 
to rise, and continue to show a significant rising trend from the early 1990s on. On the other hand, the 
trend for the maximum temperature is not significant. 
Based on the minimum and maximum temperature data for the study area, the results calculated by the 
M-K non-parameter test method show that the M-K slope of the annual mean minimum temperature is 
0.24℃/10a, and the statistical value of Z is 4.44; the M-K slope of the maximum temperature is 
0.019℃/10a, and Z is zero. The warming rate for the minimum temperature is greater than  that for the 
maximum temperature, while both are in a warming trend. This suggests that the rise in mean 
temperature in the Basin is mainly contributed to by the minimum temperature, the rise in maximum 
temperature being relatively small. A previous study using as a base the data of mean maximum and 
minimum temperatures as well as diurnal variations from 1951 to 2002 in China reported that the 
warming rates of both annual and seasonal mean minimum temperature are obviously greater than the 
mean maximum temperature [12]. Moreover, after studying the monthly mean minimum and maximum 
temperature trends for global land surfaces from 1951 to 1990, Thomas R K and his group concluded that 
the minimum temperature is warming at 2.78 times the rate that the maximum temperature is warming  [13]. 
(HAVE I GOT THE PREVIOUS SENTENCE CORRECT?)All of which demonstrates that both the 
minimum and maximum temperature warming trends in the Zhangweinan River Basin have not only been 
consistent with the temperature warming trend all over the country but are also in sync with global trends.  
3.2. Precipitation trend  
Based on the data for annual precipitation from 1957 to 2009, in the Zhangweinan River Basin  
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Fig.4 The mean annual precipitation departure curve of the Zhangweinan River Basin 
 
the mean annual precipitation is 608.4mm, and rainfall is mostly concentrated from June to September.  
It can be seen from Fig. 4 that trend of the mean annual precipitation is not obvious, and there was an 
oscillation situation from 1957 to 2009 in this basin. There was an obviously increasing trend of 
precipitation from the mid-1950s to the mid-1960s and a decreasing trend from the mid-1960s to the early 
1970s, following a long rainless period from the 1980s to the mid-1990s.  
The M-K test results show that the precipitation trend saw no obvious changes at the five meteorological 
stations in the Zhangweinan River Basin (seen in Table 1), and while the annual precipitation decreases 
along with time, the trend is not obvious (seen in Table 2). A significant downward trend appears in the 
summer months, with an M-K slope of -11.82mm/10a. The decreasing trend is not so obvious in spring, 
autumn and winter.  
3.3. Hurst Index calculation results 
Table 3. The Hurst Index calculation results for meteorological elements in annual mean series and seasonal mean series  
 T（℃） P（mm） 
Annual mean January April July October Annual mean January April July October 
 
Yushe 
Zhaoyang 
Huimin 
Xinxiang 
Anyang  
 
0.82 
0.79 
0.89 
0.86 
0.82 
 
0.64 
0.70 
0.81 
0.66 
0.76 
 
0.69 
0.63 
0.79 
0.79 
0.73 
 
0.76 
0.64 
0.72 
0.73 
0.69 
 
0.62 
0.59 
0.71 
0.69 
0.69 
 
0.73 
0.69 
0.57 
0.61 
0.63 
 
0.62 
0.50 
0.50 
0.63 
0.65 
 
0.67 
0.61 
0.72 
0.67 
0.68 
 
0.65 
0.76 
0.63 
0.66 
0.54 
 
0.57 
0.53 
0.55 
0.49 
0.48 
Σ(> 0.5) 5 5 5 5 5 5 3 5 5 3 
Σ(> 0.5): Total site number when each value of the Hurst Index of all elements is greater than 0.5. 
From Table 3 it can be seen that the annual mean temperature and precipitation series both show  strong 
continuity, which means the future trend is anticipated to be consistent with the past. Most of the seasonal 
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temperature and precipitation series present strong continuity, although in the month of October the 
continuity is not so strong, especially for Xinxiang and Anyang, as we can see from the anti-continuity 
data shown. In other words, in Octobers to come, the change trend may differ  from that of the past.  
4. Conclusion  
In this paper, the non-parametric Mann-Kendall statistical test method was use to analyze the annual 
mean temperature, maximum temperature, minimum temperature, and precipitation trends in terms of 
long-term changes from 1957 to 2009 in the Zhangweinan River Basin, and the corresponding Hurst 
Index was calculated to predict future change trends for temperature and precipitation.  
The conclusions drawn are as follows:  
(1) The changing trend in precipitation is relatively complex and not obvious. The rainy period was 
mostly concentrated from the mid-1950s to the mid-1960s, then precipitation decreased from the mid-
1960s to the mid-1970s, and there was less rainfall  during the 1980s to the mid-1990s. The annual mean 
precipitation in the Zhangweinan River Basin has shown a decreasing trend over the past 53 years, with 
an M-K slope of -1.27℃/10a. A large rate of decrease can be seen during summers, with an M-K slope of 
-11.82mm/10a, but the change trend is not obvious in spring, autumn, and winter.  
(2) The warming trend is more significant in the Zhangweinan River Basin and falls within the context 
of a global warming scenario. The Basin-wide annual mean temperature has shown a strong warming 
trend, with an M-K slope of 0.17℃/10a,  mostly contributed to by an increasing minimum temperature. 
The most extensive warming in terms of seasonal temperature change is seen in spring, followed by 
winter, with M-K slopes of 0.29℃/10a and 0.26℃/10a, respectively. In summer and autumn, the 
temperature change is not significant.  
(3) According to Hurst Index calculation results, the annual mean temperature and precipitation series 
have shown strong continuity in the Zhangweinan River Basin, indicating that the future trend will be 
consistent with that of the past. Climate warming along with decreasing precipitation will inevitably lead 
to a reduction in runoff; therefore, drought will be intensified in the Zhangweinan River Basin. 
Meanwhile, the hydrological cycle may also  be changed. All of these effect factors threaten 
the security of water resources.  
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